Populations of rice leaffolders and their natural enemies were studied in eight crops of irrigated rice in Laguna Province, the Philippines. The rice leaffolder complex consisted of three species: Cnaphalocrocis medinalis (Guenée), Marasmia patnalis Bradley and M. exigua Butler. Leaffolder population dynamics were characterized by an egg peak at maximum tillering and a broad larval peak around booting stage. Peak densities ranged from 0.2 to 2.0 larvae per hill. Most larvae originated from immigrant moths and there was no substantial second generation. The seasonal percentage egg parasitism by Trichogramma sp. ranged from 0 to 27%, and percentage larval parasitism from 14 to 56%. The braconid Macrocentrus philippinensis Ashmead was the most commonly reared larval parasitoid. Forty natural enemy taxa that may attack rice leaffolders were identified from suction and sweepnet samples: 24 predator taxa and 16 parasitoid taxa. The estimated survival rates from leaffolder egg to larval stages and between larval stages showed large variation between rice crops, but were not clearly correlated with observed levels of parasitism, natural enemy abundance, or natural enemy to leaffolder ratios. It is suggested that the generally low densities of rice leaffolders in Philippine transplanted rice are caused by their ovipositional preference for crops at the maximum tillering stage, allowing for only one generation, and by high immature mortality caused by the abundant and diverse complex of natural enemies.
Introduction
Since the mid-1960s, rice leaffolders Cnaphalocrocis medinalis (Guenée) and Marasmia spp. (Lepidoptera: Pyralidae) have increased in abundance, and in many Asian countries they are now considered as important pests (Reissig et al., 1986; Khan et al., 1988; Dale, 1994) . The shift from minor to major pest status has been attributed to the adoption of new rice growing practices that accompanied the introduction of high yielding varieties (Kulshreshtha et al., 1970; Litsinger, 1989) . Rice leaffolder larvae cause conspicuous injury by folding leaves and scraping off the green mesophyll tissue, and farmers usually respond by applying insecticides, even at very low infestation levels . However, in many cases it is questionable whether chemical control of rice leaffolder is justified, despite its increased abundance. Modern rice varieties have a high tolerance to defoliation (IRRI, 1993) , and tropical rice fields harbour a large complex of natural enemies, that may keep rice leaffolder populations below damaging levels most of the time (Khan et al., 1988; Barrion et al., 1991) .
Knowledge of rice leaffolder population dynamics, and insight into the factors determining leaffolder abundance, such as natural enemies, is essential as a basis for more rational pest management. Rice leaffolder population dynamics have been well-studied in China and Japan, where the pest is mainly migratory with distinct generations (Liang & Pang, 1987; Wada & Kobayashi, 1991; Zhang, 1991) . In tropical Asia, where leaffolders reproduce year-round, their population dynamics have rarely been studied in detail. Infestation levels are usually reported only as percentage injured leaves and few studies deal with factors affecting population densities. Most reports on the impact of natural enemies concern percentages of larval parasitism, while relationships between natural enemy abundance and leaffolder infestation levels have not been established.
In this paper, results are presented of a study of the population dynamics of rice leaffolders and their natural enemies in eight crops of rice in the Philippines. The objective was to characterize the population dynamics of the leaffolder complex, and to obtain insight into the factors determining their temporal abundance and survival during a crop season. The study focused on the role of natural enemies in leaffolder population dynamics. Therefore, the dynamics of leaffolder natural enemies and leaffolder parasitism rates were determined in relation to leaffolder abundance and survival rates. The results of the study are discussed in view of leaffolder pest management.
Materials and methods

Description of study area and fields
The study was conducted in Laguna Province, the Philippines, a humid tropical lowland area where rice is grown year-round under irrigated conditions. The rice leaffolder population in Laguna is a complex of three related species: C. medinalis, Marasmia patnalis Bradley, and M exigua Butler (Lepidoptera: Pyralidae) (Arida & Shepard, 1986) . The first two species are the most abundant in Laguna, but dominance by any one species can vary during a crop season .
Field work was carried out in eight crops of irrigated rice, covering three sites and six seasons (table 1). One of the sites was a field at the experimental farm of the International Rice Research Institute (IRRI) in Los Baños (13°14ЈN, 121°15ЈE). The two other sites (Pila and Victoria) were farmers' fields at 15-20 km distance from IRRI. Two-week-old seedlings of a variety susceptible to leaffolder were transplanted to the fields in a 20 ϫ 20 cm spacing. The crops received fertilizer at a rate of c. 90 kg N ha -1 , according to standard recommendations. Weeding was done by hand and pesticides were not applied. The IRRI field was kept permanently flooded until a week before harvest, while the farmers' fields in Pila and Victoria were intermittently flooded. Rice yields were between 4 and 7 tons per hectare.
Arthropod sampling
The densities of rice leaffolder stages and their natural enemies were estimated by a combination of sampling methods (table 1) . Rice leaffolder moths and arthropod natural enemies were sampled with a suction sampler (DVac or Blower-Vac, Arida & Heong, 1992) in combination with a plastic bucket enclosure, covering four hills. To include fast-moving insects like orthopterans, the enclosure was quickly placed over the hills. Relative density estimates of highly mobile species, such as the larger hymenopterous parasitoids and Odonata, were obtained by sweepnet sampling in five of the eight crops. Suction and sweepnet samples were taken between 08.00 and 11.00 h. Predators and parasitoids of rice leaffolders were counted using a checklist based on the Philippine rice leaffolder foodweb .
The densities of the immature leaffolder stages were estimated by randomly sampling rice hills and examining them in the laboratory for the presence of leaffolder eggs, larvae and pupae and leaves injured by leaffolder larvae. Larvae were classified in five size-classes, approximately corresponding with the five larval instars. The immature stages were kept in test tubes or Petri dishes until emergence of adults or parasitoids, or until premature death. Leaffolders were identified to species only after moth emergence, because the immature stages of C. medinalis and Marasmia spp. are morphologically very difficult to distinguish . The moths can be easily identified to species by their wing markings (Barrion & Litsinger, 1985) . Ratios of natural enemy to rice leaffolder density were calculated for moths, immatures, and larvae separately, using absolute estimates (number per hill) from hill and suction samples. Within the natural enemy complex attacking leaffolders, Odonata and Araneae were classified as moth predators, while Coleoptera, Orthoptera and Hemiptera were classified as predators of leaffolder immatures . For each crop, natural enemy to leaffolder ratios were calculated over three consecutive periods of five weeks, representing the vegetative, reproductive and ripening stage (Yoshida, 1981) . Also the seasonal averages of these ratios were calculated.
Parasitism
Absolute estimates of parasitoid impact on a host population are difficult to obtain and usually require recruitment data in addition to host population samples (van Driesche et al., 1991) . In this study, such additional data were not collected and therefore a seasonal level of parasitism was calculated only as an indicator of parasitoid impact. As the eggs, larvae and pupae are protected from parasitoids during their remaining period of development by taking them out of the field, this method underestimates the potential parasitoid impact (van Driesche, 1983) . The indicator may be improved by correction for differences between healthy and parasitized hosts in development time, mortality rate, or sampling efficiency (van Driesche, 1983 ), but we lacked the detailed biological knowledge to do this. The seasonal percentage parasitism of eggs and larvae was simply calculated by dividing the number of hosts with clear symptoms of parasitism by the total number of hosts, after pooling the samples per crop season. Immature leaffolders that died of unknown cause, were excluded from the calculation on the assumption that healthy and parasitized hosts had similar chances of dying.
Survival rates
From the time series of leaffolder population samples per crop, estimates were made of stage to stage survival rates. A large number of methods has been developed to calculate stage-specific survival rates from stage-frequency data (Manly, 1989) , but most of these methods require initial recruitment data or make the usually unrealistic assumption that the daily or stage-specific survival rate is constant. A simple and well-known method that does not have these limitations, is Southwood and Jepson's 'graphical method' (Southwood, 1978) . Per stage, the number alive mid-way is calculated by dividing the area under the density curve by the stage-specific development time. As this method implies that all mortality occurs at the end of the stage, no truly stage-specific survival rates can be obtained. The survival from mid-way stage i till midway stage i + 1 is estimated by dividing the number in stage i + 1 by those in stage i.
For seven leaffolder populations, survival rates were calculated from egg to larva, egg to medium-sized larva (L2, L3), and from medium-sized larva to large larva (L4, L5, L6). Data on pupal densities were insufficient to include in the analysis. An average duration of four days was taken for the egg stage, five days for the medium-sized larvae and 11 days for the large larvae. The three leaffolder species differ only slightly in stage durations . Duration depends primarily on temperature, and in the case of larvae also on host plant quality (Wada & Kobayashi, 1980) . However, ambient temperature was fairly constant under the conditions studied, and host-plant effects on larval development are relatively small (Wada, 1979; de Kraker, unpublished) , justifying the use of standard durations. The densities of the various leaffolder stages were adjusted according to their sampling efficiency. A previous experiment showed that relative to large larvae, sampling eggs was c. 50% efficient, and sampling medium-sized larvae c. 60%. Sampling efficiency of the cryptic and tiny first instar larvae is very low, and therefore this stage was excluded from the survival analysis. The calculated stage to stage survival rates are approximate values, primarily meant for comparison between crops and correlation with other variables.
Correlation analysis
A correlation analysis was applied to identify significant associations between the observed or derived variables of the leaffolder-natural enemy system. Such correlations can indicate potentially important factors in the natural control of leaffolders, such as density dependency and strong trophic linkages, and serve to guide more detailed research into the underlying causal mechanisms. Simple linear correlation coefficients were computed between the following variables in a matrix, using one seasonal value per crop (n ≤ 8): proportion of each leaffolder species, abundance of leaffolder stages (average density, area under the density curve, recruitment per hill), eggs-moth ratio, stage to stage survival rates, percentages egg and larval parasitism, abundance of natural enemy groups, and natural enemy-leaffolder ratios. In addition, x-y plots of the correlated variables were inspected to check for obvious non-linear relationships.
Results
Rice leaffolder population dynamics and injury
Two leaffolder species, C. medinalis and M. patnalis, were found in all eight crops of rice, while a third species, M. exigua, was found in five crops. In most crops, C. medinalis appeared first, soon followed by M. patnalis, while M. exigua was usually last. The percentage of the seasonal total made up by any of the three species was quite variable ( fig. 1 ): for C. medinalis it ranged from 11 to 88%, for M. patnalis from 17 to 89%, and for M. exigua from 0 to 33% (adult stage, suction samples). Either C. medinalis or M. patnalis was dominant, or both were equally abundant.
Rice leaffolder moths usually first appeared four weeks after transplanting, but the timing of the peak densities did not follow a consistent pattern ( fig. 2 ). Eggs peaked around maximum tillering stage (7 weeks after transplanting), with a broad larval peak following one or two weeks later, at booting stage ( fig. 2 ). After the flowering stage only few eggs were found. Peak larval densities ranged from 0.2 to 2.0 hill -1 . Only a few pupae and pupal cases were found in the samples, and peak densities were below 0.2 hill -1 . Pupae are difficult to find, because leaffolder larvae often pupate behind leaf sheaths.
Leaf injury due to rice leaffolder larvae became visible after four weeks after transplanting. The number of injured leaves per hill peaked around flowering, and decreased towards maturity due to leaf senescence ( fig. 2) . Peak levels Population dynamics of rice leaffolders of injured leaves per hill ranged from 0.7 to 10.6, and were higher in the wet season than in the dry season. The percentage of injured leaves per hill was approximately the same as the number, as there were about 100 leaves per hill. Leaf injury per crop was positively correlated with larval infestation level (r = 0.8, P < 0.05, both variables calculated as area under the density curve).
Composition and abundance of leaffolder natural enemy complex
Forty leaffolder natural enemy taxa were identified from the arthropod samples: 24 predator and 16 parasitoid taxa (for details on species, see: de Kraker, 1996) . The differences between the eight crops of rice were only moderate in terms of number of taxa found per crop. This number ranged from 24 (IRRI 1992-WS) to 36 (Pila 1993-DS) in the suction samples, and from 24 (IRRI 1992-WS) to 31 (Pila 1991-DS) in the sweepnet samples. Combining both methods usually resulted in more taxa per crop, as the sampling methods are partly complementary and a larger sampling effort also increases the chance of collecting more taxa. During a crop season, the number of leaffolder natural enemy taxa reached a maximum level at about the maximum tillering stage, and then stabilized or decreased slowly towards maturity. Both sampling methods yielded this same pattern.
The most common predator species, both in terms of incidence and abundance, were the spiders Pardosa pseudoannulata (Boesenberg & Strand) (Araneae: Lycosidae) and Tetragnatha spp. (Araneae: Tetragnathidae), the beetles Ophionea nigrofasciata Schmidt-Goebel (Carabidae) and Micraspis sp. (Coccinellidae), the orthopterans Conocephalus longipennis (de Haan) (Tettigoniidae), Anaxipha longipennis (Serville) (Gryllidae) and Metioche vittaticollis (Stål) (Gryllidae), and the hemipterans Cyrtorhinus lividipennis Reuter (Miridae), Microvelia douglasi atrolineata Bergroth (Veliidae), Mesovelia vittigera Horvath (Mesoveliidae) and Polytoxus fuscovittatus (Stål) (Reduviidae). Predator populations were numerically dominated by the hemipterous species ( fig. 3) . Cyrtorhinus lividipennis dominated during the dry season, and M. d. atrolineata in the wet season crops. In terms of predator biomass this picture would be very different, as the individual weight of the dominant hemipterans is only 5-10% of the weight of the spiders, beetles or orthopterans. Temporal trends in abundance varied per crop for spiders and hemipterans, while the numbers of coleopteran and orthopteran predators were always highest during the last part of the crop season ( fig. 3) . The ratio of predators (Odonata, Araneae) to leaffolder moths ranged from 3 to 19, while the number of predators (Coleoptera, Orthoptera and Hemiptera) per leaffolder immature varied from 2 to 16 between crops. Excluding the hemipterans resulted in ratios of 0.4 to 2.4. Predator-prey ratios were usually lowest during the reproductive crop stage, mainly because then leaffolder densities were highest.
The abundance of the hymenopterous parasitoids is represented by counts from the sweepnet samples ( fig. 4) , because for these species this sampling method is more efficient. The parasitoids did not show a consistent pattern in abundance during the crop season. The most common taxa of larval hymenopterous parasitoids were Cotesia spp. (fig. 4) . The parasitoid-leaffolder host ratio for these major species ranged from 0.05 to 0.40 per crop. The variation between crops in natural enemy to leaffolder ratios was large, but this was not associated with an inverse relationship between the average densities of leaffolder stages and the abundance of their natural enemies.
Parasitism
Eleven species of hymenopterous parasitoids were reared from the field-collected rice leaffolders: one from the eggs, ten from larvae and two from both larvae and pupae (table  2) . It could not be determined from which leaffolder species parasitoids emerged, as the immature stages are morphologically very difficult to distinguish. Leaffolder larvae infected by entomopathogens were rarely observed in the samples or in the fields.
The seasonal percentage of eggs parasitized by Trichogramma sp., probably T. japonicum Ashmead (Trichogrammatidae), varied from 0 to 27% (table 3) . This variation was independent of the average egg density per crop. Parasitism was lower during the wet season, probably due to the negative impact of wind and rain on parasitoid activity (Keller et al., 1985) . During a growing season, percentage egg parasitism decreased steadily towards crop maturity. Percentage larval parasitism ranged from 14 to 56% per crop (table 3). The level of parasitism was independent of the average larval density. There was no correlation between adult parasitoid abundance or parasitoid-host ratio and the level of parasitism. Percentage parasitism was usually highest in the last larval instars. Larval parasitism was relatively low at the start and at the end of the crop season. The species composition of the reared parasitoids was not related with crop growth stage.
The ranking of larval parasitoids according to their share in parasitism varied from crop to crop. Macrocentrus philippinensis was the most commonly reared parasitoid, followed by C. nacoleiae, and T. cnaphalocrocis. However, the last two species were probably over-represented, because C. nacoleiae has a longer development time than the other parasitoids, while T. cnaphalocrocis occurs primarily in late larval instars. These instars were sampled more efficiently and survived better in the laboratory.
Recruitment and survival rates
The estimated seasonal recruitment of eggs ranged from 3 to 14 hill -1 (table 4). Egg recruitment was not correlated with the abundance of leaffolders moths, and the number of eggs per moth ranged from less than 10 to more than 140. This variation was independent of predator-prey ratio or abundance of moth predators and predators of immatures.
The survival rate from mid egg stage to mid large larval stage averaged 0.14 for five rice crops (range: 0.03-0.30, table 4). The sampling efficiency of eggs may have been lower than the value used for the calculations (50%), because the survival rate from egg to medium-sized larva was larger than 1.0 in one crop (Pila 1991-WS). This implies that the level of egg recruitment was generally underestimated and that as a result, survival rates were overestimated.
The recruitment levels of eggs and larvae were statistically independent. The estimated survival rates from egg to larval stage, or from egg to medium-sized larva and from mediumsized larva to large larva, varied considerably between crops (table 4). The survival rates were not correlated with leaffolder species composition, egg or larval recruitment, nor with percentage egg parasitism, predator abundance or predator-prey ratio. Survival from medium-sized to large larva was higher in the wet season than in the dry season, and appeared to be negatively correlated with the percentage parasitism of the first three larval instars (tables 3 and 4).
Discussion
Abundance of rice leaffolders during a crop season
Rice leaffolders may complete two to three generations on a single rice crop, considering their generation time of 416 J. de Kraker et al. Fig. 3 . Mean density of major predator groups of rice leaffolders during the three crop growth stages in four dry season crops (I, Victoria 1991; II, Pila 1991; III, Pila 1992; IV, Pila 1993) , and four wet season crops (V, Pilla 1991; VI, Pila 1993; VII, IRRI 1992; VIII, IRRI 1993) , Laguna, Philippines. Predators (ᮀ, Hemiptera; ᮀ, Araneae; ᮀ, Coleoptera; , Orthoptera) were sampled with a suction sampler. Asterisk: no samples collected. five weeks (Khan et al., 1988; Barrion et al., 1991) , and their ability to feed and survive on each stage of the rice plant (Wada, 1979; Chu et al., 1983; ). Yet, the observed pattern ( fig. 2) indicates the presence of only one, or two overlapping generations. Leaffolder moths emerging from early laid eggs (around five weeks after transplanting) may have contributed to the tail of the egg peak (around 10 weeks after transplanting), but most moths emerging from the egg peak around seven weeks after tranplanting apparently did not oviposit in the same crop. Only in two wet season crops (Pila 91-WS, IRRI 92-WS) was a small second egg peak observed. This means that the majority of the leaffolder larvae originated from immigrant moths, and that population build-up is not expected to occur on a single crop.
The consistent occurrence of the egg peak around the maximum tillering stage suggests that this stage is the most preferred by rice leaffolders for oviposition. Studies on oviposition behaviour of C. medinalis moths in Japanese rice fields support this. In a choice situation, C. medinalis moths laid most eggs in the tillering crop (Fukamachi, 1980 (Fukamachi, , 1983 , and in a no-choice situation, C. medinalis moths emerging after flowering did not oviposit in the same crop but emigrated (Wada et al., 1980; Wada & Kobayashi, 1982) . The oviposition preference is probably related to the quality of the host plant, as rice plants in the ripening stage are less suitable for development and survival of leaffolder larvae (Wada, 1979; Cheng, 1987; Heong, 1990) . Also M. patnalis and M. exigua appear to avoid oviposition on a crop after flowering, because in the ripening stage only few eggs of either leaffolder species were found.
Moth and egg density are poor indicators of larval density and the associated level of injury, because no correlations were found between the recruitment levels of moths, eggs and larvae. This confirms the findings of Bandong & Litsinger (1988) , who tested the use of moth density as a basis for leaffolder control decisions, but concluded that it did not perform well. They suggested that the poor value of moth density to predict subsequent injury was caused by the activity of egg predators. In our study, the absence of a correlation between egg and larval density was indeed associated with large variation in survival rates between the crops (table 4). However, the variability in the number of eggs per leaffolder moth may also be explained by moth behaviour. While crops in the tillering stage are favoured for oviposition at night, the moths prefer a more developed crop or a weed vegetation as a habitat during daytime (Fukamachi, 1983; Wada & Kobayashi, 1991; Miyahara, 1992) . In that case, moth density sampled during daytime will be poorly correlated with egg density in the same field.
Species composition of rice leaffolder complex
The rice leaffolder complex was composed of three species (C. medinalis, M. patnalis, M. exigua), varying in dominance. This is in line with earlier studies in Laguna Province (Arida & Shepard, 1986; Barrion et al., 1991) . Separate analysis of the population dynamics of the three species was hampered by difficulties in the identification of immature stages. As the three species inflict similar injury and share the same natural enemy complex, there seems to be no urgent need for differentiation. The absence of a correlation between egg to larva survival rate and leaffolder species composition per crop (based on moth samples) supports this view. To predict the effect of changes in rice growing practices, such as the introduction of resistant varieties, knowledge about their differential effect per species would nevertheless be needed.
Need for chemical control?
The question whether the rice leaffolder populations in these untreated fields caused yield losses that justify chemical control cannot be answered directly, because yield loss studies were not included. In the Philippines, recommended action thresholds for rice leaffolder control are 5-15% injured leaves, or 0.5-1.0 larvae per hill (Bautista et al., 1984; Reissig et al., 1986; Bandong & Litsinger, 1988) . The higher and lower values represent the thresholds during the vegetative and reproductive stage respectively. However, these thresholds have been questioned on empirical and theoretical grounds, and threshold values of 2, and even 5 larvae per hill have been proposed (Smith et al., 1989; Heong, 1993) . The larval population stayed below the conservative threshold of 0.5-1.0 larva per hill in three out of eight crops ( fig. 2 ). In the other crops, this threshold was exceeded during the reproductive stage, but in all crops the larval population peak stayed below the level of 2 hill -1 .
Why are rice leaffolder densities so low in the Philippines?
The observations reported here are consistent with the general pattern that emerges from previous studies in insecticide-free rice fields from many different locations and seasons in the Philippines, both in terms of larval phenology and abundance (Kamal, 1981; Guo, 1990; Randriamananoro, 1990; Barrion et al., 1991) . The time course and level of the percentage injured leaves was within the range determined by Litsinger et al. (1987a,b) in a large-scale yield loss study covering 60 rice crops. The observed levels of larval parasitism and the major species involved also correspond with earlier findings in the Philippines (Kamal, 1981; Guo, 1990; Barrion et al., 1991) .
Thus, rice leaffolder populations in Philippine rice fields rarely exceed larval densities of 2 hill -1 , while the percentage of injured leaves is almost always below 10-15%. A major explanatory factor for these low population levels might be the relatively late colonization of transplanted rice fields. With an oviposition peak at maximum tillering and avoidance of oviposition after flowering, there is no time for a substantial second generation. Late colonization also implies that most generalist natural enemies are already present and relatively abundant, and may thus cause more mortality. The result is also a relatively low carry-over to other crops of rice (Loevinsohn, 1984) . According to this hypothesis, leaffolders could become more damaging when the attractive period for oviposition starts earlier or continues longer. For example, if leaffolders colonize the crop earlier, they might partly escape their natural enemies and there would also be time to reproduce on the same crop. This may be the case in direct seeded rice, where oviposition occurs at a much earlier crop stage compared with transplanted rice, probably due to the higher plant density (Chang, 1993; de Kraker, unpublished) . Other examples are rice crops with a long growth duration, prolonging the period for leaffolder oviposition as well. In a long-duration variety with high inputs of nitrogenous fertilizer, two egg peaks were observed before flowering and substantial leaf injury occurred (>30%, de Kraker, 1996) .
Leaffolder survival and the role of natural enemies
The average survival rate from egg to large larva was 14% for five crops. The three crops with the lowest survival rates were also those in which leaffolders did not exceed the economic threshold level of 0.5 larvae per hill during the reproductive stage. The observed levels correlate well with the results of a survival analysis conducted by Kamal (1981) in 11 crops of rice at IRRI, who found that survival from egg to large larva was between 12 and 20%. No other field studies on leaffolder survival in tropical Asia have been published. There are strong indications that a large part of the mortality is caused by natural enemies. The estimated survival rates for the field populations were much lower than for leaffolders reared on susceptible varieties when natural enemies were excluded: in greenhouse and field cages larval survival rates were 70-90% (Waldbauer & Marciano, 1979; Kamal, 1981; Barrion et al., 1991) . The difference in survival between the open field and the cages will mainly be caused by natural enemies, although abiotic factors, like strong wind and rainfall in the wet season or low humidity in the dry season, may have caused some additional mortality in the field. Rice leaffolder management can be improved when the effect of natural enemy densities on leaffolder infestations is known. Natural enemy abundance might be accounted for in the threshold for chemical control, or conservation measures could be taken to sustain natural control (Shepard & Ooi, 1991) . However, although the presented data set covers a fairly wide range in leaffolder densities and survival rates, and in levels of parasitism and natural enemy abundance, no clear relationships between these variables were found. This may be due to the generalist nature of most of the predators included in this study, rice leaffolders being only a minor part of their diet. The causes and effects of the diversity and abundance of these generalists will be primarily related to the numerically dominant prey or host species, as has been shown for spiders and hemipteran predators and their homopteran prey species (Kenmore et al., 1984; Heong et al., 1991; Cohen et al., 1994) . The same reasoning applies to the parasitoids, as two of the most abundant parasitoid taxa (Cotesia spp. and Tetrastichus spp.) probably included species that have a fairly wide host range. Furthermore, parasitoid species that are not linked to rice leaffolder, but to other, more abundant hosts, may have been included in taxa that were only identified at genus level. This probably was the case with Opius barrioni Fischer (Hymenoptera: Braconidae), a common parasitoid of the abundant rice whorl maggot Hydrellia philippina Ferino (Diptera: Ephydridae). Even in the case of percentage parasitism, which is a more direct approximation of a mortality factor, relationships with leaffolder survival were not clear. The impact of predation was perhaps more important and determined the variation in survival rates.
This study indicates that natural enemies inflict high levels of mortality on leaffolder immatures, but a different approach is needed to answer the question whether and which natural enemies can keep rice leaffolder populations below damaging levels at a given level of egg recruitment. To determine quantitative relationships between natural enemy abundance and leaffolder mortality, more experimental methods are required that study stage survival with known recruitment, and that separate the effects of various mortality factors (van Driesche, 1983; Luck et al., 1988; Bellows et al., 1992) . It will also be necessary to identify the major species within the large complex of leaffolder natural enemies, as for these species a relationship between abundance and impact on leaffolder survival can be expected.
